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Abstract  
     Some part of the land of Ethiopia is covered with expansive soils and some with 
nonexpansive. For this reason, roads could be constructed in areas of expansive or non-
expansive soils. Structural failures are observed in roads constructed on expansive soils as well 
as in roads constructed on non-expansive soils. Hence, investigation is made to study the types 
and causes of road failures constructed on expansive soil in addisababa around lideta area.   
Visual survey was made on the Addis Ababa different areas. From the visual survey, it is found 
that the route from Balicha hospital to Gejasefer , especially near to the crossing road around 
balicha , is severely damaged. Due to this reason, this road is chosen for further investigation. 
The investigation covers field tests carried out to determine the insitu condition of the road 
materials and laboratory tests on the collected samples in order to determine the engineering 
properties of the materials. From the field and laboratory tests, an attempt was made to 
examine whether the materials used are at their optimum moisture content and maximum dry 
density. Since the performance of road is also greatly influenced by the engineering property of 
the underlain soil and the natural environmental conditions, an attempt was made to 
determine the adequacy of the underlain material to serve as a subgrade for road construction.   
   From the field tests and laboratory tests carried out, it is observed that the failure of roads 
constructed on expansive soils is mainly due to the inadequacy of the base layer for the current 
traffic loading and due to the poor construction of the materials used over the subgrade. 
Whereas the failure of roads constructed on expansive soils is mainly due to the expansive 
nature of the subgrade material. 
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1. Introduction  
    Engineering properties of soil may vary from place to place due to the variation in soil 
formation, drainage condition and climate. When the soils within the possible rout for the road 
vary in strength significantly from place to place, it is clearly desirable to locate the pavement 
on the stronger soils, if this does not have other constraints. Thus, since selection process of 
route influence the pavement structure and the construction costs, thorough investigation 
should be done on the characteristics of subgrade. Failures of roads are being observed before 
their design period and are greatly affecting the economic growth of the country. Such failures 
could be overcome by undertaking through investigation on the subgrade material and the 
materials overlaying the subgrade and incorporating it in the design.  
     Shrinkage of high plasticity expansive soil due to drying seasons is one of the major causes of 
pavement failures in low-volume roadways. Shrinkage cracking initiated from the drying soil 
propagates through the pavement system causing longitudinal, transverse and fatigue cracking 
and rutting in the pavement surface. For narrow pavements with lack of shoulders, roadways 
also experienced deterioration along the pavement edges due to shrinkage cracking. These 
deteriorations are referred to edge failures. However, there are many other potential causes of 
edge failures such as lack of lateral support, accumulation of water near the edge, side slope 
instability, base failures and aging of bituminous mixes. Edge failures are common major 
distresses in narrow roadways. They appear in the form of longitudinal cracking, alligator 
cracking, or rutting of the pavement edge. 
 
    With finite resources and an extensive road network to maintain, maintenance forces must 
select a cost effective repair strategy that rectifies the main cause of these failures. This 
research project focuses on evaluating selected rehabilitation projects that target failures due 
to expansive soil in roadways.  This study conducted field and laboratory evaluation on four 
project sites in with various traffic, soil conditions and repair methods.   
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1.1 Project location and accessibility   
   The road under investigation located in Addis Ababa around lideta re-development 
condominium. The road is fully asphalt constructed 2004 e.c. The road constructed under the 
consultancy and supervision of BEZA CONSULTING.  
 
Fig 1.1 Google earth photo of the area 
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1.2 The down listed contractors are participated in the construction work 
Name of   Contractor 
Road 
No. 
Width 
(m) 
Total 
Length 
Kanet Construction 
A7(ii) 10 154 
A8(ii) 10 55 
A12(i) 10 206 
A12(ii) 10 50 
A13 10 162 
A14(ii) 10 82 
A16(i) 10 138 
A16(ii) 10 81 
Tagel  Construction 
A4(i) 15.4 364 
A7(i) 10 222 
A9 10 219 
A11 10 123 
EndalkachewErena 
G/Construction 
A19 12 185.5 
A17 10 127.4 
A10 10 260.5 
Top  Construction 
A14(i) 10 394.297 
A15(i) 10 82.23 
A15(ii) 10 145.619 
YewubdarGebeyehu  
G/Contractor 
A3 30 366 
A20 25 381 
A22 20 395 
Sunlight Construction PLC A21 20 866 
Table 1.1 lists of constructers 
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1.3 Typical section of the road  
Carriageway
A7 - A19: - (10m width) Type1
Concrete Curb
Detail A
Slope Varies
3%
4%
2.11.4
Concrete Curb
Slope Varies
3
4%
1.42.1
ParkingWalkway WalkwayParking
3%
3%
50mm Sand
100mm Cobble stone
150mm Sub-base
200mm Capping layer
50mm Sand
100mm Cobble stone
150mm Sub-base
200mm Capping layer
50mm Crushed run
100mm Cobble stone
225mm  Gravel Sub-Base
600mm Capping layer
 
A4 - A6: - (15m width)
Detail A
Slope Varies
50mm Crusher run
100mm Cobble stone
225mm  Gravel Sub-Base
600mm Capping layer
LC
3%
Carriageway
4%
2.12.4
15
Typical X-Section
Concrete Curb
Slope Varies
3
3% 4%
2.1 2.4
Concrete Curb
3
Carriageway Parking WalkwayWalkway Parking
3%3%
50mm Sand
100mm Cobble stone
150mm Sub-base
200mm Capping layer
50mm Sand
100mm Cobble stone
150mm Sub-base
200mm Capping layer
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LC
2.5%
Carriageway(2 Lane)
A21 - A22: - (20m width)
4%
3
Walkway
2.5%
Carriageway(2 Lane)
4%
Walkway Median
2.5%2.5%
20
NOTE
1, All dimensions are in meter.
Typical X-Section
Slope Varies
Concrete CurbConcrete Curb
100mm Top soil for Grassing
200mm Crushed Aggregate Base Course
100mm Asphalt Concrete
200mm Gravel Sub-Base
600mm Capping layer
50mm Sand
100mm Cobble stone
150mm Sub-base
200mm Capping layer
50mm Sand
100mm Cobble stone
150mm Sub-base
200mm Capping layer
3.5
3.5 3.5
3.5
3
 
1.4 Topography and Climatic Conditions  
1.4 .1 Topography   
   The area is flat terrain with a small slope which is increase to the north part the city.The 
altitude varies from 2300 m to 2400 m. The areahas an overall tilt from north to south and 
south east side. Most streams and tributaries are controlled by this tilt while others are 
controlled by geological structures and underlying geology.  
1.4 .2 Geology and soils   
    The geology is basaltic nature of stones.Basement Complex rocks of the Paleozoic era 
comprising , with basalts of tertiary age being found largely in the area. These rocks have been 
subjected to very deep and intensive weathering processes, and rock exposures are mainly 
evident only in the areas underlain by basaltic stone 
 
1.4 .3 Climate  
     Average temperature in Addis Ababa, Ethiopia. The mean annual temperature in Addis 
Ababa is very mild at 15.9 degrees Celsius. The variation of average monthly temperature is 3 
degree Celsius which is an extremely low range. 
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2 literature review 
    The predominant mineral in expansive soil is montmorillonite. Its basic structure is the 
aluminum octahedral sheet sandwiched between two silica tetrahedral sheets. Experience 
shows that swelling problem arises when a soil contains more than 20% montmorillonite or 
mixed layer montmorillonite,illite vermiculite  
    2.2   Physical properties of expansive Soils  
 a. Moisture content  
        There will be no volume change if the moisture content of the clay element is unchanged. 
When the moisture content of the clay is changed, volume expansion in the vertical and the 
horizontal direction will take place. Complete saturation is not necessary to initiate swelling. 
Slight change in moisture content in the magnitude of 1 to 2% is sufficient to cause detrimental 
swelling. Soils with moisture content below 15% indicates danger because it easily absorb 
moisture but moisture content above 30% indicates that most expansion has take place and 
further expansion will be small. In the dry season the soil shrinks excessively and shrinkage 
crack as deep as two or three meter is common occurrence   
 b. Dry density  
      The dry density of the clay is another index of expansive soils. Soils with higher dry density 
will show high swelling potential than lower density soils. Soils whose dry densities in excess of 
110 pcf generally exhibit high swelling potential   
 c. Index property  
i)  Atterberg Limit  
    Plasticity index and the liquid limit are useful indices for determining the swelling 
characteristic of most clay. Liquid limit and swelling clay both depend on the amount of water 
absorbed; High swelling soils will manifest high index properties  
 ii) Linear shrinkage  
   The shrinkage characteristic of clay should be a consistent and reliable index to the swelling 
potential. A soil having higher linear shrinkage limit is critical as compared to soils of lower 
linear shrinkage limit  
 iii)  Free swell  
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Free swell is the maximum volume change expressed as percent of initial volume. Expansive 
soils have generally higher free swell value 
3. Objectives and Method of Analysis  
3.1 Objectives  
    The objective of this project is to identify the causes of failure of roads constructed on 
Expansive soils of Addis Ababalideta area, with emphasis on the lideta condominium road, with 
mainobjectiveofunderstanding the conditions of road, their performance and problems.  The 
research work focuses on the study of the causes of failure by reviewing the quality of 
construction by conducting test pit samples on the areas where failure occurred and will 
compare with available standard specifications. The necessary tests will be performed on 
materials used as base, sub base, subgrade and/or fill layers of the selected road sites. In 
addition, the research will try to compare the causes of failures of roads constructed on 
expansive soils with that of roads constructed on non-expansive soils. Finally conclusions and 
recommendations will be made based on the field and laboratory test results.  
3.2 Method of analysis  
   Preliminary visual survey was made around each sub city of AddisAbaba road and samples 
were recovered for laboratory tests. Results from field tests were compared with the results 
from laboratory tests. Moreover, results from laboratory tests were compared with standard 
specifications. Traffic analysis is made and the adequacy of pavement structures was checked 
for the traffic loading along the road.   
3.2.1 Field operation sequence  
    Field investigation was It was done using test pits in order to assess the strength at the 
finished subgrade level and the suitability of other materials as road construction materials.    
The general field operation sequence was done as follows. First stripping of the asphalt was 
done using asphalt cutter and retrieving samples from each layer for the determination of the 
in-situ density by using Sand Replacement Method and for measuring the moisture content in 
the laboratory. Thickness of each layer was taken during excavation. After the field tests and 
sampling is done, temporary maintenance was made using left over excavation materials 
and/or side borrows materials and proper maintenance was done.   
3.2.2 Laboratory tests  
    The samples collected during field investigation were brought to the laboratory and the 
following tests were undertaken. Atterberg limits, compaction, and Los Angeles Abrasion Test 
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Tests were made in order to understand the general behavior of the road materials and to see 
whether the field results comply with the laboratory results.  
 
4 Review of characteristics of roads and road construction materials  
4.1 Road surface distress  
      Prior to considering remedial measures for defects or reconstruction or overlay, it is 
imperative that the engineer takes into account, various parameters that are necessary for 
proper evaluation of the existing pavement condition. In particular, it is important to ascertain 
whether certain types of pavement distress are progressive, leading to eventual failure of the 
road, or whether they are non-progressive. Excessive movement of flexible pavements, which 
eventually result in uneven riding qualities, may mostly be caused by poor qualities of the 
subgrade, sub base, base course or wearing course. A qualitative measure of the effect of the 
movement can be determined only after a thorough investigation is undertaken. The 
investigations might take the form of trenching or bore logging in which visual inspection is 
made on the cross section of the pavement structure. Measurements of the thickness and/or 
analysis of the structural thickness of the various paving layers inside and outside the traffic 
lanes is certainly vital. Testing of various pavement components assists in the evaluation of the 
probable cause of distress. Each distress must be evaluated to determine whether the distress 
will be progressive or whether it represents an inactive condition.  Failed surfaces could be 
classified into different categories depending on the patterns of failures. The following section 
provides basic information on the most common types of pavement failures and their probable 
cause.   
i) Alligator cracking  
    This is described by interconnected cracks forming a series of small polygons resembling an 
alligator’s skin. This could result from the fatigue effect of repetitive heavy truck loads or ageing 
in combination with exponential loss of pavement thickness. It can occur with or without 
surface distortion and pumping. 
 
ii) Rutting  
    A rut is a longitudinal deformation at wheel tracks mainly associated with shoving along the 
road. This is caused by heavy loads and high tire pressure, subgrade settlement caused by 
saturation, poor construction methods, or asphalt mixtures of inadequate strength 
AASTU                                                                                                    CACE 
 
DAWIT TSEGAYE               GEOTECHNICAL ENGINEERING              MENG  PROJECT Page 20 
iii) Chuck holes (Potholes)  
     Potholes are irregularly shaped holes of various sizes. These most often result from wear or 
destruction of the wearing course, sometimes from the presence of foreign bodies in the 
surfacing. They can also be caused by water penetrating the surface and causing the base 
and/or subgrade to become wet and unstable. They are small when they first appear. In the 
absence of maintenance, they grow and reproduce in rows.  
iv)  Raveling 
    This is progressive loss of pavement material. The possible cause for raveling could be 
separation of bituminous film from aggregates through stripping caused by deficiency of 
bonding or ageing of surface due to variations in climatic and loading conditions. It can also 
occur due to the inconsistent deformation of the lower pavement layers. 
v) Shear failures (Block cracking)  
    This is block cracking leading to chipping of pavement surfacing and/or upheaval outside the 
tire cracks with associated cracking. This could result from deficiency in cohesion and internal 
friction in pavement base structure due to ageing and fatigue. 
4.2 Subgrade Soils  
4.2.1 General  
    Although a pavement’s wearing course is important component of a road, the success or 
failure of a pavement is dependent upon the underlying subgrade material upon which the 
pavement structure is built. Thus, the subgrade must be able to support the loads transmitted 
from the pavement structure without undergoing excessive settlement. Its performance 
generally depends on its load bearing capacity, moisture content and volume changes. 
Moreover, its load bearing capacity depends on the degree of compaction, moisture content 
and soil type. Hence, the relationships among the strength, density and moisture content 
should be studied thoroughly.   
4.2.2 General strength-density-moisture relationship   
    Desirable properties that the subgrade should possess include strength, drainage, ease of 
compaction, permanency of compaction, and permanency of strength. Since subgrades vary 
considerably, it is necessary to make a thorough study of the soils in place and, from this, to 
determine the design of the pavement.   
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    The determination of the subgrade strength in order to use for the design of the road 
pavement requires ascertaining the density-moisture content-strength relationship(s) specific 
to the subgrade soil(s) encountered along the road under study. It is also necessary to select 
the density which will be representative of the compacted subgrade and the moisture content 
during and after construction.   
4.2.3 Estimated design moisture content of the subgrade  
    Moisture conditions in the subgrade are controlled primarily by the local environment. Since 
design concepts for flexible pavements are based upon model-prototype principles, wherein 
samples of soil are tested in the laboratory under simulated field conditions, it becomes 
necessary to predict the ultimate moisture content of the subgrade so that this value can be 
used in the testing program.  
 4.2.4 Representative density  
    The strength of the road subgrade for flexible pavements is commonly assessed in terms of 
the California Bearing Ratio (CBR) and this is dependent on the type of soil, its density, and its 
moisture content. Direct assessment of the likely strength or CBR of the subgrade soil under the 
completed road pavement is often difficult to make. Its value, however, can be inferred from an 
estimate of the density and moisture content of the subgrade together with knowledge of the 
relationship between strength, density and moisture content for the soil in question. This 
relationship must be determined in the laboratory. The density of the subgrade soil can be 
controlled within limits by compaction at a suitable moisture content at the time of 
construction.  According to the ERA Pavement Design Manual [5], it is recommended that the 
top 25cm of all subgrades should be compacted to a relative density of at least 100% of the 
maximum dry density achieved by ASTM Test Method D 698 (light or standard compaction). 
Alternatively, at least 93% of the maximum dry density achieved by ASTM Test Method D 1557 
may be specified. With modern compaction equipment, a relative density of 95% of the density 
obtained in the heavier compaction test should be achieved without difficulty, but tighter 
control of the moisture content will be necessary [5]. As a result, it is generally appropriate to 
base the determination of the design CBR on a density of 100% of the maximum dry density 
achieved by ASTM Test Method D 698 (light or standard compaction) or, alternately, on 93% of 
the maximum dry density achieved by ASTM Test Method D 1557 (heavy or modified 
compaction) [5]. The structural manual catalog given in the ERA Pavement Design Manual 
Volume I requires that the subgrade strength for design be assigned to one of six strength 
classes reflecting the sensitivity of thickness design to subgrade strength. The classes are 
defined in Table 3-1 below [5] 
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Table 4-1: Subgrade strength classes   
 
 
 Class 
 
                                  Range (CBR%) 
 S1  2 
S2  3-4 
S3  5-7 
S4  8-14 
S5  15-29 
S6   30+ 
 
 
 
4.3 Granular pavement materials  
4.3.1 General  
     Granular pavement material is one of the important components of a flexible pavement 
structure. This material include crushed rock, semi-crushed, mechanically stabilized, and 
modified or naturally occurring ‘as dug’ or ‘pit run’ gravels. The suitability of rocks for road 
construction depends on their mineral, chemical and physical properties.  
4.3.2 Properties of unbound pavement materials   
   Unbound granular materials are generally used in road pavements as base and sub-base 
courses, which are as important a component of roads as the surface composition and 
foundations. As a base course, they play a structurally important role, especially on medium 
and low volume roads. As a sub-base, they protect the soil, and act as a working platform and 
an insulating layer against frost action. Pavement failure due to inadequate support of upper 
layers, or to rutting, will usually necessitate complete pavement reconstruction, and not just 
the repair of the pavement surface where the problem is visible. According to the ERA 
Pavement Design Manual, the main categories of unbound pavement materials with a brief 
summary of their characteristics are shown in Table 3.2 [5]. 
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Table 4.2: Properties of unbound materials  
Code Description Summary of Specification 
GB1 Fresh, crushed rock  
 
Dense graded, un weathered crushed 
stone, non-plastic parent fines 
GB2 Crushed weathered rock, gravel or 
boulders 
Dense grading, PI<6, soil or parent 
fines 
GB3 Natural coarsely graded granular 
material, 
including processed and modified gravels 
Dense grading, PI < 6 
CBR after soaking > 80 
GS Natural gravel CBR after soaking > 30 
GC Gravel or gravel-soil  Dense graded; CBR after soaking>15 
 
Notes: 1. these specifications are sometimes modified according to site conditions, material 
type and principal use  
 2. GB = Granular base course, GS = Granular sub-base, GC = Granular capping  
Layer 
i) Base course materials  
    Materials such as crushed quarried rock, crushed and screened, mechanically stabilized, 
modified or naturally occurring “as dug” or “pit run” gravels can be used as a base course 
material. According to the ERA Pavement Design Manual the properties for base course 
materials is given below.   
a. Crushed stone  
        Graded crushed stone (GB1). This material is produced by crushing fresh, quarried rock 
(GB1) and may be an all-in product, usually termed a ‘crusher-run’, or alternatively the material 
may be separated by screening and recombined to produce a desired particle size distribution, 
as per the specifications. Alternate gradation limits, depending on the local conditions for a 
particular project, are shown in Table 4.3. 
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Table 4-3; grading limits for graded crushed stone base course materials (GB1)  
Test sieve (mm    
50 100 - - 
37.5   95-100 100 - 
28 - - 100 
20  60-80 70-75 90-100 
10  40-60 50-65 60-75 
5  25-40 35-55 40-60 
2.36 15-30 25-40 30-45 
0.425  7-19 12-24 13-27 
0.075(1) 5-12 5-12 5-12 
Note 1. For paver-laid materials lower fines content may be accepted.  
The fine fraction of a GB1 material should be nonplastic.  
    The in situ dry density of the placed material should be a minimum of 98% of the maximum 
dry density obtained in the ASTM Test Method D 1557 (Heavy Compaction). The compacted 
thickness of each layer should not exceed 200mm . Crushed stone base courses constructed 
with proper care with the materials described above should have CBR values well in excess of 
100 percent. There is usually no need to carry out CBR tests during construction . 
b. Naturally occurring granular materials, boulders, weathered rocks  
         Normal Requirements for natural gravels and weathered rocks (GB2, GB3). A wide range of 
materials including lateritic, calcareous and quartzitegravels, river gravels, boulders and other 
transported gravels, or granular materials resulting from the weathering of rocks can be used 
successfully as base course materials. Table 3.4 contains three recommended particle size 
distributions for suitable materials corresponding to maximum nominal sizes of 37.5 mm, 20 
mm and 10 mm. Only the two larger sizes should be considered for traffic in excess of 1.5 
million equivalent standard axles. To ensure that the material has maximum mechanical 
stability, the particle size distribution should be approximately parallel with the grading 
envelope. To meet the requirements consistently, screening and crushing of the larger sizes 
may be required. The fraction coarser than 10 mm should consist of more than 40 percent of 
particles with angular, irregular or crushed faces. The mixing of materials from different sources 
may be warranted in order to achieve the required grading and surface finish. This may involve 
adding fine or course materials or combinations of the two. The fines of these materials 
shouldpreferably be nonplastic but should normally never exceed a PI of 6 [5]. When used as a 
base course, the material should be compacted to a density equal to or greater than 98 per 
cent of the maximum dry density achieved in the ASTM Test Method D 1557 (Heavy 
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Compaction). When compacted to this density in the laboratory, the material should have a 
minimum CBR of 80% after four days immersion in water (ASTM D 1883) 
Table 4.4; recommended particle size distributions for mechanically stable natural gravels and 
weathered rocks for use as base course material (GB2, GB3)  
 Percentage by  mass of total aggregate passing test 
sieve 
 Nominal  maximum particle size 
Test sieve (mm)            37.5mm                 20mm           10mm 
50 100 - - 
37.5 80-100 100 - 
20  60-80 80-100 100 
10  45-65 55-80 80-100 
5  30-50 40-60 50-70 
2.36  20-40 30-50 35-50 
0.425  10-25 12-27 12-30 
0.075  5-15 5-15 5-15 
 
ii) Sub-bases (GS)  
The sub-base is a pavement layer which enables traffic stresses to be reduced to acceptable 
levels in the subgrade. According to the ERA Pavement Design Manual the requirements to use 
as a sub-base material is discussed below.  
a. Bearing capacity  
       A minimum CBR of 30 percent is required at the highest anticipated moisture content when 
compacted to the specified field density, usually a minimum of 95 percent of the maximum dry 
density achieved in the ASTM Test Method D 1557 (Heavy Compaction). Under conditions of 
good drainage and when the water table is not near the ground surface the field moisture 
content under a sealed pavement will be equal to or less than the optimum moisture content in 
the ASTM Test Method D 698 (Light Compaction). In such conditions, the sub-base material 
should be tested in the laboratory in an unsaturated state. Except in arid areas, if the base 
course allows water to drain into the lower layers, as may occur with unsealed shoulders and 
under conditions of poor surface maintenance where the base course is pervious, saturation of 
the sub-base is likely. In these circumstances, the bearing capacity should be determined on 
samples soaked in water for a period of four days. The test should be conducted on samples 
prepared at the density and moisture content likely to be achieved in the field. In order to 
achieve the required bearing capacity, and for uniform support to be provided to the upper 
pavement, limits on soil plasticity and particle size distribution may be required. Materials 
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which meet the recommendations of Table 3-5 and 3-6 will usually be found to have adequate 
bearing capacity.  
b. Use as a construction platform  
      In many circumstances the requirements of a sub-base are governed by its ability to support 
construction traffic without excessive deformation or ravelling. A high quality sub-base is 
therefore required where loading or climatic conditions during construction are severe. Suitable 
material should possess properties similar to those of a good surfacing material for unpaved 
roads. The material should be well graded and have a plasticity index at the lower end of the 
appropriate range for an ideal unpaved road wearing course under the prevailing climatic 
conditions. These considerations form the basis of the criteria given in Tables 3-5 and 3-6. 
Material meeting the requirements for severe conditions will usually be of higher quality than 
the standard sub-base (GS). If materials to these requirements are unavailable, trafficking trials 
should be conducted to determine the performance of alternative materials under typical site 
conditions. In Ethiopia, laterite is one of the widely availablematerial and can be used as a sub-
base material. Laterite meeting the gradation requirements of Table 3-6 can be used for traffic 
levels up to 3x106 ESA provided the following criteria is satisfied:  
 Plasticity Index (%)  <25  
 Plasticity Modulus (PM) <500  
 CBR (%)   >30  
 
 
 
Table 3-5: Recommended plasticity characteristics for granular sub-bases (GS)  
Climate  
 
Typical Annual 
Rainfall 
 
Liquid 
Limit 
 
Plasticity 
Index 
 
Linear 
Shrinkage 
Moist tropical 
and wet tropical 
>500mm <35 <6 <3 
Seasonally wet 
trop 
>500mm <45 <12  <6 
Arid and semi-
arid 
<500mm <55 <20 <10 
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Table 4-6: Typical particle size distribution for sub-bases (GS) which will meet strength 
requirements  
 
Test Sieve (mm) Percentage by mass of total aggregate 
passing test sieve (%) 
50 100 
37.5 80-100 
20 60-100 
5 30-100 
1.18 17-75 
0.3 9-50 
0.075  5-25 
 
 
iii) Selected subgrade materials and capping layers (GC)  
     These materials are often required to provide sufficient cover on weak subgrades. They are 
used in the lower pavement layers as a substitute for a thick sub-base to reduce costs, and a 
cost comparison should be conducted to assess their cost effectiveness. As an illustrative 
example, approximately 30 cm of “GC” material placed on an S1 or S2 subgrade will allow to 
select a pavement structure as for an S3 subgrade. An additional 5cm of “GC” material may 
allow to consider an S4 subgrade class. The requirements are less strict than for sub-bases. A 
minimum CBR of 15 percent is specified at the highest anticipated moisture content measured 
on samples compacted in the laboratory at the specified field density. This density is usually 
specified as a minimum of 95 percent of the maximum dry density in the ASTM Test Method D 
1557 (Heavy Compaction). In estimating the likely soil moisture conditions, the designer should 
take into account the functions of the overlying subbase layer and its expected moisture 
conditions in the subgrade. If either of these layers is likely to be saturated during the life of the 
road, then the selected layer should also be assessed in this state. Recommended gradings or 
plasticity criteria are not given for these materials. However, it is desirable to select reasonably 
homogeneous materials since overall pavement behavior is often enhanced by this. The 
selection of materials which show the least change in bearing capacity from dry to wet is also 
beneficial.  
5. Field and Laboratory Test Results   
5.1 Field test results   
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5.1.1 Pavement condition survey  
     The main objective of the pavement condition survey was to evaluate the state of the 
existing pavement and that of the subgrade by assessing the physical conditions of the existing 
pavement. Before the commencement of the detail pavement evaluation, the entire road 
length was visually assessed and it is attempted to identify the types of failures occurred on the 
road surface.   
 
 
Fig 5.1 rutting 
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Fig 5.2 distructed layer of the pavement 
 
Fig 5.3 pathholes 
 
Fig 5.4 manholes 
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Fig 5.5 drainage condition 
 
 
5.2 laboratory test 
    The tests are performed according to AASHTO specification [1], [2] and ASTM following the 
procedures discussed on the soil mechanics laboratory manual by Braja, M. D. [4]. The 
necessary tests were conducted for all the samples and the summary of the results is presented 
in a tabulated form. The laboratory data analysis is given in their respective appendices. The 
photographs taken during sampling are shown below  
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5.2.1 Atterberg Limits  
     Most of the methods for soil identification and classification are based on certain physical 
properties of the soils. The commonly used properties for the classification are the grain size 
distribution, liquid limit and plasticity index. These properties have also been used in empirical 
design methods for flexible pavements, and in deciding the suitability of subgrade soils. Testing 
is made on base, subbase, subgrade and fill materials at each test pit. The testing procedure is 
done according to ASTM D 4318. The plasticity of base and subbasematerials is found to be non 
plastic and for fill and subgrade materials is tabulated below. 
              Table   Atterberg’s Limit of sub-grade 
Liquid limit Plastic limit Plasticity 
index 
Water content 
50.1 23.9 21.3 30.2 
 
Atterberg’s Limit of fill (selected) material 
Liquid limit Plastic limit Plasticity 
index 
Water content 
52.12  21.19 30.93 26.2 
 
5.2.2 Compaction tests  
    The compaction tests are designed to simulate the density of soils compacted by field 
methods. The Modified Proctor Test is used for this test. The soil to be tested is thoroughly 
mixed with measured quantity of water and is then filled in the mold in five layers of 
approximately equal thickness. Each layer is compacted by 25 blows of a modified rammer 
weighing 44.5N which is allowed to drop freely from a height of 46cm at each blow. After 
compaction of five layers, the soil is trimmed to the top of the mold. The mold with its content 
is removed from the base plate and weighed. Moisture content determination is made on a 
sample of soil and the dry density is then calculated. This procedure is repeated at several 
increasing moisture contents and a compaction curve is obtained. The co-ordinatesof the peak 
gives the maximum dry density and the optimum moisture content.  
Table 5.1.3: Laboratory compaction test of subgrade material 
OMC 31 
MDD 18.9 
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Table 5.14: Laboratory compaction test of fill (capping layer) material 
 
OMC 25.1 
MDD 13.3 
 
5.2.3 Los Angeles Abrasion Test  
     Los Angeles Abrasion test is very widely accepted as a suitable test to assess the hardness of 
aggregates used in pavement construction. It consists of Los Angeles machine and sieves. Clean 
oven dried sample is sieved through 1.7mm sieve and weighed. The specimen is placed in the 
cylinder machine. The machine is rotated for 500 revolutions at a speed of 30 to 33 revolutions 
per minute. After the desired number of revolutions, the material is discharged and sieved 
through 1.7mm size sieve. The material coarser than 1.7mm size is washed and dried in an oven 
and weighed. The difference between the original and final weights of the sample is expressed 
as a percentage of the total weight of the sample and is reported as the percentage wear.  
6 Interpretation of the field observation and the test results. 
The following discussion is based on the field and laboratory test results obtained. 
6.1 Road surface distress 
     From the pavement condition survey and the photographs shown in chapter 4, the roads are 
in bad condition. Potholes are the most common defects observed along the road. This is due 
to the removal of material in weakened spots on the surface. Block cracking without surface 
distortion is observed almost throughout the route and cracking with surface distortion and is 
common. Rutting at wheel paths is frequent along the road as it can be seen from Figure. 
Ravelingis also a common problem caused by the loss of surfacing due to high axle load. 
Removal of material is shown along the edgeof the road. This is clearly seen in Figure. In order 
to evaluate the carrying capacity of the materials to the traffic loading at its service time. 
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7 Conclusions and Recommendations 
7.1 Conclusions 
The following conclusions are given based on the fieldobservation  and laboratory test results 
discussed on chapter 5 and 6. 
  The investigation have revealed that the extent of damages observed at the pavement 
surface comply with the laboratory and field observation results. Extreme damage is 
observed. The laboratory and field observation have shown poor results. 
  It is found that the main reason for the failure is due to the improper use of the 
overlaying materials and poor construction. The base andsub base layer thicknesses 
used at all sections are too thin to support the traffic loading. From the design the 
required depth for base is 20cm, but 17cm thickness is used. At roads with equivalent 
traffic layer thickness and proper construction. 
  The base course used is natural coarsely graded granular material which does not 
satisfy the required gradation for GB3. According to the Unified Soil Classification 
System, the base course used is classified as poorly graded silt gravels. 
  At the extremely damaged section the field moisture content for the base course 
material is much lower than the optimum and the dry density obtained is lower than the 
MDD. The material used as selected material atthesection is not adequate. 
  The poor drainage system of the road helps to damage severely as shown in the figure.   
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7.2 Recommendations 
 Timely maintenance of roads and sealing of cracks is not done in the investigated road. 
These should be done more frequently. Moreover, it is important to protect or improve 
the shoulder areas to enhance both serviceability and structural capacity levels. 
  The subgrade should be properly compacted and adequate sub drains should be 
installed. 
  The strength values that are used for design should be based on the results of a 
thorough study of the moisture-density-strength relationships that can be attained after 
construction and during the life time of the pavement. 
  It must also be recognized that it is probably impossible for the highway constructor to 
furnish a completely uniform product. It should be recognized that variability exists and 
every attempt should be made to take this into account in the design of the facility. 
  In cases, where the subgrade is subjected to increase of moisture content during 
construction or during service time, the compaction should be done below the OMC so 
that the slight increase of moisture content will not adversely affect the dry density or 
the laboratory test should be based on the increased moisture content of the soil and 
the design should be done accordingly. 
 drainage pipes must be installed to the proper flood that comes from the rain and urban 
sewerage. 
  Further investigations should be done. 
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ANNEX 
PROJECT- assessment of road failure 
LOCATION –Addis Ababa 
METHODOF EXCAVATION: Manual  
WEATHER: Sunny 
PITLENGTH:1m WIDTH:1m DEPTH:1.10m 
SITE: lideta re-development condominium 
Purpose : to evaluate atterberg limit and compaction test of fill and sub grade 
 
Depth Soil type Description                       Sample 
Type Number Depth 
 
1.1m 
 
Subgrade soil 
 
Atterberg and Compaction 
 
Bulk 
 
1 
 
1m 
 
0.5m 
 
Capping 
 
Atterberg and Compaction 
 
Bulk 
 
1 
 
0.5-1m 
 
